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a MEMORANDUM REPORT
for the

R - .. . Army Air Ebroee, uateriel Command

PRELIMINARY VIBRATION AND FLUTTER °TUDIES ON P-h? TAIL
By Theodore Theodorsen

Sunmary; .

This papér oonteins 8 brief report illustrated by
photographs and vibraetion records on the failure of the P-417
rudder in the high-speed tunnel at the LMAL at a true speed
of ;68 miles per hour and a denalty corresponding to 9000
feet eltitude. The fin=-rudder unit was tested as being at
least representative of the tall design of the P-47 eirplane.
It 18 noted that the rudder was subjected to a speed in
excess of ;00 riles per hour for less than an hour of total
testing time.

Introductions

Proseeding on the assuription thut reported accldents on
the P-7 tail assembly were due to insufficient rigldity of
the tall structure, four distinct investigatlions were |
carried out 1n an attempt to explaln the nature of the

accidents.

Reprint Note: This report dealas with an eax>ly deaign
of the P-li7 tall (P-447B) and 1s presented only for the
possible interest in the setup and procedure. In the
later veraions of the P-47 tall, the febric covering was
replaced by metel covering and the alrplane did not
expeiience any of the vibration difficulties reported
herein.
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1. On the effeet of alr disturbances in the wake of the

airplane body at normal and higher angles of attack.- This

Investigation was carried out in the full-scale tunnel Iin
conjunction with pressure-distribution tests.

2. Vibration tests of the vertical fin-rudder unit to

define &ll lower order vibration modes.- These studles were

carried out as soon as the negative results of the test 1
became evident.

3. Theoretical studies on possible higher-frequency

flutter modes.~These studies were conductsd for the purpose-

of proving, if possible, that certein responses obtainable
under 2 could cause flutter or leave an insufficlent margin
of safety.

. Plutter tests on vertical fin-rudder units.-These

tests were carried out at full scele and speed in the B-foot
high-speed tunnel.

Tests on Wake Disturbances in the Pull-Scale Tunnel:

These tests were run at tunnel velocities of 60 to 85 miles
per hour. Fluctuations of the weke were observed at a point
behind the rudder and nesr the center 1line through tho fuse-
lage. The pickups used were (1) hot wires, and (2) wire
strain gages of special design. A wire strain gage was also
inserted 1n the rudder surface for the purpose of recording
strains in the rudder corresponding to imposed disturbances

from the air stream, The outputs from these plckups were
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emplifled and recorded on an oscillograpﬁ. A sample record
taken at 85 miles-per hour 1s given in figure 1. ) ?Ep upper
trace 1s obtained on the wire strain gage or "fish tail' Qnd
the lower record is tsken with a hot-wire pickup, both in
the alr stream lmmedilately behind the rudder. The timing
wave at the bottom 1s a 300-cycles-per-second sine wave,

These records showed only one outstanding response-
frequency very nearly of the same rate as the tlming wave or
300 cycles per second.

At about ;00 miles per hour, such boundary frequency
would approxlimate 1500 cycles per second or 90,000 cycles
per minute. The conclusion 1s that such boundary layer
fre~vuency is far too high to excite any dangcrous mode 1n
the fin-rudder assembly.

At higher angles of attack, near maximum 1ift, a lower
frequency of about 90 eycles per second was evlident in the
osclllograph records. It was concluded that also this
frequency which cofresponded to almost 40,000 cycles per
minute was also too high to cause dangerous responses in
the tall unit.- As regards the magnltude of the forces
assoclated wlth these two frequenciés, some ldea was obtained
by calibrating the strain element on the rudder for steady
and alternating forées in a separate test set-up. It wes
found that the direct strain measured was small but agfeed

in order of magnitude with expected values and 1t was further
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found that the maxinmum alﬁernating strailn was approximately
one-fourth of the direct straln corresponding to full rudder
deflections at the greatest angle of yaw. Briefly, therefore,
it can be stated that the body walie does not contain disturbances
in the lower frequency range corresponding to the criticals of
the structure and that further the power contalned in the high
wake frequency observed was evidently of Insufflcient magniltude
to cause concern.

Vibration Tests on Fin-Rudder Unlt:

In these tests the fln was substantlally flxed at the
base. The four lowest responses of the fln-rudder unit were

measured as follows:

1. Lowest bending 1l;.8 cycles per second
2. Second bending 5T e7cles ~er second
3. Lowest torsion 5% cycles per second
li., Not defined 75 cycles per second
5. HNot defined 9l cycles per second

The appeareance of these flve lowest responses are Ilndicated
on figures 2 to 6, inclusive.

In ?hese flgures, the plus and minus signs designate the
phase, with the slze of the signs approximately lndicating
the magnitude of the motion at each point. For instance, in
figure 2, 1t can be noted that the entire surface is 1n the

same phase, with the largest deflection near the top as
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expected. In the second figure (fig. 3), it 1s seen that
-the--entire--unit agaiﬁ.is In phase except for thplupppr
balance welght aid the lower rear corner of the rudder.

In the next figure (fig. l.), which case was originally
belleved susceptiﬁle to flutter, it 1s seen that there 1s a
large deflectlon near the upper end of the tab. The top
balancing welght 1s out of phase. Responses at 75 and 9L
cycles per second were also recoxrded. (See figs, 5 and 6.)

Flutter Test in High-8peed Tunnel:

The fin rudder was installed in zero angls-of-yaw
poslition. Flve strain gages were dilstributed over the
surface for the purpose of insuring a permanent record in
case of fallure, Two of these gages were of the carbon
type, one attached to the fin spar near the base, G, one
to the torque tube of the rudder near the control attachment,
R, to show torslon in rudder. The other three were wilre
geges, the gage, Y, along the rib at the upper end of
the tab, B, along the rib next abowe the tah and By along
the rid jJust below tab. All gages were glued, tored, and
painted on surfaces. In this dlscussion, the fin rudder
is considered in normal attitude although the test unit was
installed upside down in the tunnel.

| To study the apparent damping of the rudder,:the Ilnstalla-
tion was equlpped with a trigger arrangement.by which the

rudder could be lnstaneously released from a position of




approximately 3° deflection. During the tests, the rudder
was 1n a free~floating condition (except when deflected).

Tests were run throughout the entire range of tunnel
speed. Records of the vibrations were taken at approximately
200, 300, 400, 420, 440, and 460 mliles.

The rudder falled at 468 mlles per hour (true speed).
The temporaturs of the air was t = 111° F and the density
p = 0.00182 pounds per cubic foot. The upper portlion of
the rudder beyond the tab was demolished, the tralllng edge
and most of the fabrlic torn off, and the ribs badly twisted
with the upper one torn out. The Ect of disintegration of the
rudder was observed by several persons. It did not appear
to be violent probably dus to the high frequency in%olved.
Prior to the explosion the rudder appeared rather normal
except for a dlstinct swelling up of the skin between the
ribs, most prominent ncar the base but also evident over the
front portion of the tip of the rudder. This swolling
started at about 300 miles per hour. The installation was
not convenlently arranzed for visual observatlon, Evidently
the entlre uppsr section of the rudder swelled up consliderably
a few seconds before the final destruction. Whether tho
structure at this time uxhiblted a possible large amplitude
and high frequency vibration, or that 1t already hed broken
down, was not ovident from observation. The process of

destruction lasted only 3 to-5 seconds. The photographs
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(fig. 7 through 11) show the destroyed rudder in the tunnel,.
_ang fiéure 12,_the'rudder separate;y-with the broken pieces=
.bf the tralling edge arranged inm place by small wlres.

Discusslion of Vibration Records:

Sore of the vibretlion records obtained during the test
are reproduced ln figures 13 to 30, For each record ls
glven the epproximate tunnel speed. The four traces are
from the top 80wn: @, the bending element on the fin,

R, the torsion element near the control attackment, Y, the’
wire atraln gaze adjacent to the tab, and B, the wire
straln gage on the second rib above tab., (The record of
.the elenent Bﬁ was discontinued at an earlw stage.) The
element B happened to be the most significant since 1t was
located near the center of the destroyed portion.

It should be noted that these elements were put 1n
somewhat at randomj; the absolute ampllitudes of tho varlous
strains are of no particular significance.

The first interesting observation can be made in regard
to the apparent rudder damping., The trace, G, shows thils
most pleinly. At zero dlrapeed (figs. 13(c) and (d)) the
records show a small dampoing as expected. In figure lh,
taken at approximately 200 mlles ner hour, 1t is noted that
the large deflection in G, obtained in each case Dy relgasing
the trip mechanism, appears nearly crlitically deamwed. In R

and B about three successlve excursions are visible;
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Y shows little response. Records in figures 16 and 17 taken

at 300 miles show' a similar damping. At 350 miles per hour
(f1g. 19), the response, B, 1s still well damped, but the
torsion element, B, and the rib element, B, show several

successive waves aftar each tripping ot the rudder (figs. 22 to 26).

At approximately LOO miles per hour, there are four to
five large péaks appearing in the fin-bending record, G, and
evidently similar disturbances in the other three. In other
words, the damping 1s starting to disappear, which fact is
slgnificant of the approach to a conditlon of flutter lnvolving
these partlcular responses. However, flutter 1ln these
combigations of lower frequency modes evidently did not develop.
It 1s noted that at about L.20 miles per hour (fig. 27) a very
high frequency of about 140 cycles per second comes into
evidence. At 4)j0 miles per hour (fig. 28) the damping in the
low bending appears fairly unchanged but the high frequency
of about 10 cycles per second starts to dominate the record.

This high frequency was in evidence probably for 3 to 5
minutes before the fallure of the rudder. The final record
(fig. 30) was taken at approximately 1,68 miles per hour true
speed (or 410 indicated) about a minute before the rudder was
destroyed. It is seen that the element, B, which was situated
near the center of the destroyed area, shows an almost pure

sine wave. The frequency 1s by count 16 cycles per second.
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Further Vibration Tests to Study Nature of High Freouency

--Evident in Records of Rudder Fallure:

Since the frequency observed ln the records of the
rudder failure was much higher than the one previously
assumed capable of producing flutter, a prototype of the
destroyed rudder was subjected to further vibration studles
since these high frequencies were not ipvestigated in advance.
This high frequency was located at 138 cycles per second and
1s shown in saw-dust pattern Iin figure 31. Llike most of the
higher-mode responées, 1t cannot convenlently be ldentifled
by a simple term.

It might be deslgnated a tralling-edge responsé since
the motlon involved deflection of the tralling edge which
assumed a slne form with less deflectinns near the rib
attachments. The ribs exhiblted essentlally pure torslon.
The fabrilic would assume certaln équare response patterns.

The regularity of the pattern was somewhat broken by the
tab. The tab free or fixed to the rudder would only change
the frequency by a few percent, |

The response 1n this mode is falrly sharp. It was noted,
however, that a somewhat higher imposed frequency would cause
more response toward the base of the rudder.

Theoretical Flutter Studles:

These studles proceeded 1n conjunction with the other

work here reported. They were based on the assumptlon that
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a higher mode of the type shown in figure !, was involved.
The studles showed that not much margln of safety remalned
against flutier in this mode. Since the records glve no
evidence of this mode of a frequeucy of 50 to 60 cycles per
second, but showed a higher mode of 146 cycles per second,
detall reference to these calculations will be consldored
unnecessary at the present svage.

Tests on the Rudder Fabric:

Since 1t was noted during the high-speed tests that the
fabric bulged to a consliderable extent, *n partlicular near
the base c¢f the rudder, 1t was consldercd of interest to
apply internal pressure to the rudder. The lowsr portion of
the subject rudder was cut off and properly sealed. High-
pressure alr was anplled and the pressure read on a gage.

Tﬁe fabric evidently bulged more at about 2 pounds per square
incﬁ than the bulging observed in the high-speed-tunnel tests.
At about this pressure, the structure gave away at the point
shown by arrow at P 1n figure 32, The rib below the tab
falled 1n bending cdue to the pull of the fabric. Although
the fabric had beén conslderably s*tralned in the high-speed
test, 1t did not seem to be much weakened. After the rib
collapsed, a leak developed near the corner of the tab at a
pressure only slightly higher, The maximum deflectlon of

the fabric between the ribs was about 2/3 inch.



Remarks:

| "In‘so‘far as the exact nature of the destructive forces
involved are yet to be established, only & tentative conclu-
slon can be made. It appears that a high-frequency response
of the fabric and tralling edge of the rudder was involved
in the accident. Vibration test revealed the existqnce of
a response of wvery nearly the same high frequency of approxi-
mately 140 cycles per second. A- further test serles 1s
schedﬁled for the purpose of determinlng the exact nature

-

and cause of the failliure.

Langley Memorial Aeronautlical Laboratory,
Natlonal Advisory Commlttee for Aeronautlcs,
Lengley Fleld, Va., August 21, 1943.
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(b) Location of strain gages.

Figure 13.- Continued.
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